Introduction
Ninomiya, in his thesis [13] on the potential theory with respect to a positive symmetric continuous kernel G on a locally compact Hausdorff space i2, proves that G satisfies the balayage (resp. equilibrium) principle if and only if G satisfies the domination (resp. maximum) principle. He starts from the Gauss-Ninomiya variation and shows that for any given compact set K in Ω and any positive upper semi-continuous function u on K % there exists a positive measure μ on K such that its potential Gμ is < u on the support of μ and Gμ > u on K almost everywhere with respect to any positive measure with finite energy.
His method can not be applied to non-symmetric kernels, because for those kernels the Gauss-Ninomiya variation is useless in its original form.
In this paper we shall prove that the above existence theorem is valid for non-symmetric kernels under certain additional conditions-separability of a compact set K and the continuity principle for adjoint kernels. We first prove it in a reduced form on a compact space consisting of a finite number of points and then extend it to a kernel on a locally compact Hausdorff space.
Using our existence theorem, we shall prove that if G and its adjoint G satisfy the continuity principle, then G satisfies the balayage (resp. equilibrium) principle when and only when G satisfies the domination (resp. maximum) principle. It will be also shown that G satisfies the balayage principle if and only if 6 does. Other maximum principles which are closely connected with the domination and maximum principles will be dealt with also. We shall give an answer to a question, raised by Deny, which concerns with the complete maximum principle.
A summary of this paper was published in [11] .
Gauss-Ninomiya variation (cf. Frostman [7] , Kametani [9] , Ninomiya [13] n 'Σajiti = UJ for every j such that tj^O.
1=1
Let Rΐ be the convex cone in the w-dimensional Euclidean space R n , consisting of all points (uu Uo, . . . , u n ) with every w/>:0. We denote, for ί=l, 
. Let G be a finite continuous kernel and {μa) (a ^ A) be a family of positive measures such that \dμ (i <M< + °°. Then Gμ a (x) (a <a A) is equi-continuous in Ω.
This is evident, since G{x, y) is finite and continuous on ΩxΩ. 
Proof. Let D be a dense subset of Ω which consists of countably many points x n (n = 1, 2, . . .) and D n be the subset {x u &,..., Xn). By Theorem 1.3, there exists a positive measure μ n on D n such that
Denoting by a and β min ΩX Ω G(X> y) and max Ω u(x) respectively, we have
Therefore the total masses of μ n are bounded and a subsequence of {μ n ) converges vaguely to positive measure μ. Without loss of generality we may suppose that {μ n ) itself converges vaguely to μ. This μ is what we want.
In fact, let x be a point and e be a positive number. Then by Lemma 1.2 and the continuity of u(x), there exists a neighborhood ω of x such that
for any χ f e ω and any #,
«(*') +e/3>«U) for any x'e ω.
Since {^«} converges vaguely to ^,
for any sufficiently large n.
D being dense in Ω, for any sufficiently large n, D M ίlω^0 and
By (1), (2), (3) and (4), Gμ{x) + ε>u(x) and hence Gμ(x)>:u(x).
Now let ΛΓ be a point of Sμ. Then a sequence of points x n e Sμ n must converge to A: and
by Lemma I. 3. This completes the proof. 
As is easily seen, the total masses of μ n are bounded and a subsequence converges vaguely to a positive measure μ. Without loss of generality we may suppose that {μ n } converges vaguely to μ. Then we have
in Ω. On the other hand, for a point x on Sμ, a sequence {x n } of points on
Sμ n converges to x and

Gμ(x) = lim Gμ n {xn) = lίm u n (xn) <. u(x).
Thus the existence of a wanted positive measure μ has been shown. 
Now we consider a kernel
If we deny this, we can find a unit measure v with finite G-energy such that lim Gμ n {x)>Gμ (x) on Sυ.
Since \όvdv = \Gvdv< + °°, Gv is finite continuous on a compact subset i£iC S v , and hence by the continuity principle, the 
The total masses of μ* are bounded and a subsequence converges vaguely to a positive measure μ. Without loss of generality we may suppose that {μ n } itself converges vaguely to μ. Then by Lemma 1.4,
On the other hand, for any point x on Sμ, a sequence {x n } (xn^Sμ n ) converges to x and for any fixed n ύ u(x) >flm w(ΛTn) = ίίm
Therefore u(x)>Gμ(x).
Consequently Gμ{x) has all the properties of our theorem. This completes the proof.
Remark. Theorem 1.1 is false, unless we assume the continuity principle for the adjoint kernel it is shown by a simple counter-example. 
By the last inequality, μ n belongs to © 0 and by the (u, #)-relative domination principle, in J2.
From this follows that the total masses of μ n are bounded and a subsequence converges vaguely to a positive measure μ supported by K. We may suppose that μ n ->μ vaguely. Then
G-p.p.p. on iΓ. Thus G satisfies the (u, υ)-relative equilibrium principle.
In the following sections we shall give applications of this theorem.
Domination principle.
First application of the preceding theorem is on the balayage principle.
(///) Balayage principle. For any compact set K and any μ s 2Jl 0 ι there exists μ f e 2Jίo such that μ f is supported by K and Ninomiya [12] first obtained this theorem for symmetric kernels, then Deny [5] followed to show the equivalence between (1) and (4) for strictly increasing diffusion kernels. For regular kernels on a compact space which consists of a finite number of points, Theorem II. 2 was obtained by Choquent and Deny [4] .
Proof of Theorem II. 2. (l)-> (4). Let μ be a positive measure in (£ 0 and
v be one in 93ΐ 0 such that όμ < Gv on Sμ. Take a point x in Ω -Sμ and a G-balayaged measure ε x of ε x on Sμ. Then
where the third equality, J Gε x dμ = JGeίέί«, follows from the facts that Gε* =
Gε' x G-p.p.p. on Sμ and μ belongs to (£ 0 , so that Gε x = Gei ^-almost everywhere. 
The implications (2)-»(3) and (4)-»(2) are duals of (l)-+(4) and (3)-*(l)
respectively. This completes the proof.
Remark. This theorem is valid for kernels which are not necessarily locally bounded. Now we shall give another characterization of the balayage principle, which will be useful in applications. This theorem was obtained by Ninomiya [13] for symmetric kernels. 
This measure μ is called a G-equilibrium measure of K.
(VII) Maximum principle. For a positive measure μ e 9J? 0 , an inequality Gμix) < 1 on Sμ implies the same inequality in Ω.
(VIIV k-dilated maximum principle. If Gμix) < 1 on Sμ for /iεϋίlo, then
Gμ{x)<k in Ω.
The following theorems are immediate consequences of Theorem II. 
ίQlk for a positive measure μ^Ήo and a point x which is not on Sμ, the validity of an inequality Gμ < Gε x on Sμ implies that \dμ< k.
For symmetric kernels Theorems II. 5 and 7 were obtained by Ninomiya [13] and Theorems II. 6 and 8 were by Ohtsuka [16] .
We shall prove Theorem II. 8. Let G satisfy the ^-dilated maximum principle and μ be a positive measure in % such that (Sμ < Gε x on Sμ for a point x which is not on Sμ. By Theorem II. 6 there exists a positive measure v on Sμ
Then, μ being in
Conversely we suppose that ό fulfills the condition ίQlk and μ is a positive measure in S JR O such that Gμ<l on Sμ. We take a point x in Ω -Sμ and a sequence {u n } of finite continuous functions on Sμ such that u n /Gt x . Then there exist positive measures v n , supported by Sμ, such that Evidently G satisfies the strong maximum principle, if it does the complete maximum principle. Deny [6] asked a question wether the converse is true under certain hypothesis on regularity. He solved in the affirmative for kernels on a space of a finite number of points. We also give an affirmative answer for our kernels. Proof. We may suppose that G(x, x) is finite. Then by the maximum
Then again by the maximum principle, Gμ(z) < G(x, x) for any z^Ω. Consequently G satisfies the complete maximum principle.
A characterization of the complete maximum principle by the following balayage principle with mass-diminution was given by Deny [6] . on Sμ implies the same inequality in Ω.
Ninomiya discussed the equivalence of these principles for symmetric kernels.
THEOREM II. 14. Assume that Gμ < NP on Sμ for μ e (£ 0 and z/G3Jί 0 and take a point ΛΓ 0 in J2 -Sμ.
Then we can take a sequence {u n ) of positive finite continuous functions on 
